The authors consider the impulsive differential equation with Monge-Ampère operator in the form of
Introduction
In natural sciences, there are various concrete problems involving the Monge-Ampère equation. For example, the Monge-Ampère equation can describe Weingarten curvature, or reflector shape design (see [] ). In recent years, increasing attention has been paid to the study of the Monge-Ampère equation by different methods (see [-] ).
The typical model of the Monge-Ampère equation is
where B = {x ∈ R n : |x| < } is the unit ball in R n and D  u = ( more general functions, namely λ exp f (|x|, u, |∇u|). Recently, under the case f (u) = e λu , Zhang and Wang [] obtained some interesting results of problem (.). They got the local structure of the solutions near a degenerate point by using the Lyapunov-Schmidt reduction method and established the global structure by Leray-Schauder degree theory and bifurcation theory.
In [] , Kutev also pointed out that problem (.) can reduce to the following boundary value problem:
n ) = λnt n- f (-u(t)), t ∈ (, ),
For the case f ≥ , Hu and Wang [] proved the existence, multiplicity, and nonexistence of strictly convex solutions for the above problem by using fixed point index theory. However, the corresponding results for impulsive Monge-Ampère type equations have not been investigated until now, even for the unique solution u λ of the above equation depending continuously on the parameter λ.
At the same time, we notice that a class of differential equations with impulsive effects appeared in biological systems, population dynamics, biotechnology, ecology, industrial robotic, and optimal control; for details and references, see [-] . Recently, the existence of solutions to the impulsive differential equations has attracted the attention of many researchers; see Bai et 
where λ is a nonnegative parameter and n ≥ , t k (k = , , . . . , m) (here m is a fixed positive integer) are fixed points with
n , where u (t + k ) and u (t -k ) represent the right-hand limit and left-hand limit of u (t) at t = t k . In addition, f and I k satisfy
Some special cases of problem (.) have been investigated. For example, when n = , problem (.) reduces to a second order impulsive boundary value problem (.), which has been studied in [] . The authors obtained many existence results by means of the theory of fixed point index in cones. For other related results on problem (.), we refer the reader to the references [-].
Here we point out that our problem is new in the sense of impulsive Monge-Ampère type equations introduced here. To the best of our knowledge, the existence of single or multiple positive solutions for impulsive Monge-Ampère type equation (.) has not yet been studied, especially for the unique solution u λ of problem (.) depending continuously on the parameter λ. In consequence, our main results of the present work will be a useful contribution to the existing literature on the topic of impulsive Monge-Ampère type equations. The existence, uniqueness, and continuity of positive solutions for the given problem are new, though they are proved by applying the well-known method based on the eigenvalue theory and the theory of α-concave operators. 
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Some lemmas
. . , m, and
is a real Banach space with the norm
where
A strictly convex solution of (.) is negative on [, ). Let v = -u. Then problem (.) is equivalent to the following problem defined on J:
) represent the right-hand limit and left-hand limit of v (t) at t = t k .
The following lemmas will be used in the proof of our main results.
Therefore, throughout this paper we shall study positive concave classical solutions of problem (.). 
Lemma . Assume that
where ξ ∈ (, ) and
Proof If  ≤ t < t  , it is easy to see by integration from  to t of problem (.) that
It follows that
Integrating again, we obtain
Direct differentiation of (.) implies
Finally, we show that (.) holds. It is clear that
As we assume that f (v) ≥ , we see that any nontrivial solution v of problem (.) is concave on J, i.e., v ≤ , and then we get v (t) is nonincreasing on J.
So, for every t ∈ (, ξ ], we have
, and then
This shows that (.) holds. The lemma is proved.
To establish the existence of positive concave classical solutions in Remark . K is a solid normal cone, and
From (.) and Lemma ., it is easy to obtain the following result.
Lemma . Assume that (H  ) holds. Then T : K → K is completely continuous.
Proof Similar to the proof of Lemma ., we can show that T : K → K . The complete continuity of T is well known. 
Lemma . Suppose that D is an open subset of an infinite-dimensional real

Existence and nonexistence of nontrivial convex solutions on a parameter
In this section, we shall establish the existence and nonexistence results of nontrivial convex solutions on a parameter for problem (.). We now state and prove our main results.
Theorem . Assume that (H  ) holds. If  < f ∞ < +∞,  < I ∞ (k) < +∞ (k = , , . . . , m), then there exists β  >  such that, for every R > β  , problem (.) has a strictly convex solution u R (t) satisfying u R PC  = R for any
where λ  andλ  are two positive finite numbers.
Proof It follows from  < f ∞ < +∞ and  < I ∞ (k) < +∞ that there exist  < l  < l  , μ >  such that
Now, we prove that 
and then
Therefore, for any v ∈ K ∩ ∂ R , we have 
On the one hand,
which implies that
and hence,
On the other hand,
which shows that
In conclusion, λ R ∈ [λ  ,λ  ]. It follows from Lemma . that Theorem . holds. The proof is complete. 
where λ * is a positive finite number.
Proof It follows from f ∞ = +∞ and I ∞ (k) = +∞ that there exist l * > , μ * >  such that
Then r is a bounded open subset of the Banach space PC  [, ] and  ∈ r . Together with Lemma ., we have T : K ∩¯ r → K is completely continuous with Tθ = θ . Noticing r >β  , for any v ∈ K ∩ ∂ r , we have
Therefore, for any v ∈ K ∩ ∂ r , we have
which shows that 
Then M >  and
In view of Lemma ., has a unique fixed point v λ ∈ K   . This shows that problem (.) has a unique concave positive solution v λ (t). It follows from Lemma . that problem (.) has a unique nontrivial convex solution u λ (t).
Next, we give the proof for
, and denote λ
We assertη ≥ . If it is not true, then  <η < , and further
This is a contradiction to (.).
In view of the discussion above, we have
Hence, v γ (t) is strongly decreasing in γ . Namely v λ (t) is strongly increasing in λ 
Conclusion
Using the eigenvalue theory, we show the existence of a strictly convex solution for problem (.), which is a new problem in the sense of impulsive Monge-Ampère type equations introduced here. Further, we prove that problem (.) has no strictly convex solution for sufficiently small λ by means of the internal geometric properties related to the problem. Finally, by applying the theory of α-concave operators, we prove that the unique solution u λ (t) of problem (.) is strongly increasing and depends continuously on the parameter λ. In consequence, our main results of the present work will be a useful contribution to the existing literature on the topic of impulsive Monge-Ampère type equations.
